Phage typing and DNA macrorestriction fragment analysis by pulsed-field electrophoresis (PFGE) were used for the epidemiological subtyping of a collection of Shiga toxin-producing Escherichia coli (STEC) O157:H7 strains isolated in Spain between 1980 and 1999. Phage typing distinguished a total of 18 phage types among 171 strains isolated from different sources (67 humans, 82 bovines, 12 ovines, and 10 beef products). However, five phage types, phage type 2 (PT2; 42 strains), PT8 (33 strains), PT14 (14 strains), PT21/28 (11 strains), and PT54 (16 strains), accounted for 68% of the study isolates. PT2 and PT8 were the most frequently found among strains from both humans (51%) and bovines (46%). Interestingly, we detected a significant association between PT2 and PT14 and the presence of acute pathologies. A group of 108 of the 171 strains were analyzed by PFGE, and 53 distinct XbaI macrorestriction patterns were identified, with 38 strains exhibiting unique PFGE patterns. In contrast, phage typing identified 15 different phage types. A total of 66 phage type-PFGE subtype combinations were identified among the 108 strains. PFGE subtyping differentiated between unrelated strains that exhibited the same phage type. The most common phage type-PFGE pattern combinations were PT2-PFGE type 1 (1 human and 11 bovine strains), PT8-PFGE type 8 (2 human, 6 bovine, and 1 beef product strains), PT2-PFGE subtype 4A (1 human, 3 bovine, and 1 beef product strains). Nine (29%) of 31 human strains showed phage type-PFGE pattern combinations that were detected among the bovine strains included in this study, and 26 (38%) of 68 bovine strains produced phage type-PFGE pattern combinations observed among human strains included in this study, confirming that cattle are a major reservoir of strains pathogenic for humans. PT2 and PT8 strains formed two groups which differed from each other in their motilities, stx genotypes, PFGE patterns, and the severity of the illnesses that they caused.
breaks and sporadic cases of HC and HUS have been attributed to strains of enterohemorrhagic serotype O157:H7 (8, 41, 60) . Unlike other E. coli strains, STEC O157:H7 does not ferment sorbitol and is ␤-D-glucuronidase negative. These differences make it easy to identify O157:H7 strains in clinical samples and food products (14, 21, 40) .
STEC elaborates two potent phage-encoded cytotoxins called Shiga toxins (Stx 1 and Stx 2 ) or Verotoxins (VT1 and VT2) (39, 53) . In addition to toxin production, another virulence-associated factor expressed by STEC is a protein called intimin, which is encoded by the eae gene and which is responsible for the intimate attachment of STEC to intestinal epithelial cells, causes attaching-and-effacing lesions in the intestinal mucosa (1, 37) . A factor that may also affect the virulence of STEC is the enterohemolysin (Ehly), also called enterohemorrhagic E. coli hemolysin (EHEC hlyA), which is encoded by the ehxA gene (9, 59) .
Epidemiological investigations of outbreaks caused by STEC O157:H7 have been greatly assisted by laboratory procedures for the subtyping of isolates. During the last decade, numerous subtyping methodologies have been developed, but phage typ-ing and macrorestriction fragment analysis of DNA by pulsedfield gel electrophoresis (PFGE) have become the most commonly used (2, 3, 5, 6, 28, 29, 36, 56, 64) .
STEC O157:H7 has been isolated in Spain since 1980 (12) , but little is known about the dominant types in humans and animals or their genetic relatedness. The aim of this study was to subtype by phage typing and PFGE fingerprinting methods a large collection of STEC O157:H7 strains isolated from different sources in Spain over a period of almost 20 years in order to determine the genetic relationships among strains of different human and animal origins. In addition, the aim was to study the association of phage types with the severity of illness in human patients. This is the first study in Spain of a large collection of STEC O157:H7 isolates by the use of PFGE and phage typing as epidemiological tools.
(The data from this study were partly presented previously as a poster communication [A. Mora, M. Blanco, J. E. Blanco, G. Dahbi, M. P. Alonso, A. Stirrat, F. Thomson-Carter, M. A. Usera, R. Bartolomé, G. Prats, and J. Blanco, 5th Int. Symp. Shiga Toxin (Verocytotoxin)-Producing E. coli Infect., abstr. P195, p. 177, 2003].)
MATERIALS AND METHODS
Origins and isolation of STEC O157:H7 strains. A collection of 171 STEC O157 strains that originated from different geographic regions of Spain (Castilla, Cataluña, Extremadura, Galicia, Madrid, Navarra, Valencia, Islas Baleares, and Canarias) were isolated from various sources (humans, bovines, ovines, and beef products) over a period of almost 20 years (1980 to 1999). They comprised (i) 41 isolates (31 isolates from cattle and 10 isolates from human) epidemiologically related in different groups and (ii) 130 isolates not known to be epidemiologically related (57 isolates from humans, 51 isolates from cattle, 12 isolates from ovines, and 10 isolates from raw beef products). The majority of strains included in the present study were obtained from previously published studies (12, 13, 14, 15, 16, 17, 18, 48, 55, 57) , and the procedures for their isolation are described in detail in the reports of those studies.
Biotyping, serotyping, and phage typing. All STEC O157:H7 strains were identified biochemically with the API 20E system (bioMerieux, Marcy l'Etoile, France). Fermentation of sorbitol and ␤-D-glucuronidase activity were investigated on sorbitol MacConkey agar and Chromocult Coliform agar (Merck, Darmstadt, Germany), respectively, after 24 h of incubation.
O-and H-antigen determinations were carried out by the method described by Guinée et al. (31) by using all available type O (O1 to O181) and type H (H1 to H56) antisera in the Laboratorio de Referencia de E. coli, Lugo, Spain. All antisera were obtained and absorbed with the corresponding cross-reacting antigens to remove the nonspecific agglutinins. The O antisera were produced in the Laboratorio de Referencia de E. coli (http://www.lugo.usc.es/ecoli), and the H antisera were obtained from the Statens Serum Institut (Copenhagen, Denmark).
Phage typing was performed by the method of Khakria et al. (42) in the Centro Nacional de Microbiología (Madrid, Spain) with the phages provided by The National Laboratory for Enteric Pathogens, Laboratory for Disease Control, Ottawa, Ontario, Canada. The 16 different phages used were capable of identifying 88 phage types.
Production and detection of Shiga toxins (Verotoxins) in Vero and HeLa cells. For the production of Shiga toxins, one loopful of each strain was inoculated into a 50-ml Erlenmeyer flask containing 5 ml of tryptone soy broth (pH 7.5) with mitomycin C, incubated for 20 h at 37°C (shaken at 200 rpm), and then centrifuged (6,000 ϫ g) for 30 min at 4°C. The Vero and HeLa cell culture assays were performed with nearly confluent cell monolayers grown in plates with 24 wells. At the time of assay, the growth medium (RPMI with polymyxin B sulfate) was changed (0.5 ml per well) and 75 l of undiluted culture supernatant was added. The cells were incubated at 37°C in a 5% CO 2 atmosphere, and the morphological changes observed in the cells after 24 and 48 h of incubation were detected with an inverted phase-contrast microscope (16) .
PCR of stx 1 , stx 2 , ehxA, eae, O157 rfbE, and fliCh7 genes. All strains were tested as described elsewhere (17) with primers specific for the genes encoding the Stx 1 and Stx 2 toxins (the stx 1 and stx 2 genes, respectively) (17), EHEC hemolysin (the ehxA gene) (59), the intimin (eae gene and the eae-␥1 variant gene) (17) , the O157 antigen (O157 rfbE gene) (25) , and the H7 antigen (fliCh7 gene) (27) ( Table 1 ). The primers used to amplify the stx 1 PFGE. PFGE was performed in a CHEF MAPPER system (Bio-Rad, Hemel Hempstead, United Kingdom) by the method of Krause et al. (43) . Cleavage of the agarose-embedded DNA was achieved with XbaI (Promega, Southampton, United Kingdom), according to the instructions of the manufacturer. Run times and pulse times were 15 to 50 s for 22 h with linear ramping. PFGE was used to establish clonal relatedness and diversity among a representative group of 108 of those 171 strains. The PFGE patterns (pulsotypes and subtypes) were interpreted by the method described by Tenover et al. (63) . Strains with no fragment differences were considered indistinguishable (i.e., they had the same pulsotype, named pulsotypes 1, 2, 3, etc.). To name the different pulsotypes, a single-fragment difference was defined as significant, and the subtypes were coded as A, B, C, and D.
RESULTS
Phenotypic properties and phage types. None of the 171 STEC O157:H7 strains evaluated in this study fermented sorbitol after overnight incubation, and all strains were ␤-D-glucuronidase negative. The 171 strains were grouped into 18 phage types (Table 2 ). However, five phage types, phage type 2 (PT2; 42 strains), PT8 (33 strains), PT14 (14 strains), PT21/28 (11 strains), and PT54 (16 strains), accounted for 68% of the study group of strains. PT2 and PT8 were the most frequently found among both human (51%) and bovine (46%) strains, whereas PT54 (42%) was the most prevalent among ovine strains, and PT21/28 (30%) was the most prevalent among beef product strains. Twenty-four strains reacted with the typing phages but did not conform to any recognized phage type and are referred to as reacts but does not conform (RDNC).
One hundred forty-seven (86%) of 171 STEC O157:H7 strains expressed the H7 antigen and 24 (14%) were nonmotile (NM). The majority of NM strains belonged to PT8 (15 strains), followed by PT14 (4 strains), PT2 (2 strains), PT54 (2 strains), and RDNC (1 strain).
All 171 STEC O157:H7 strains were cytotoxic to Vero and HeLa cells.
Genes stx 1 , stx 2 , ehxA, eae, O157 rfbE, and fliCh7. PCR demonstrated that the majority of strains with the same phage type showed the same stx 1 and stx 2 gene patterns. Thus, 41 of 42 PT2 strains were stx 2 , 28 of 33 PT8 strains were stx 1 stx 2 , all 11 PT21/28 strains were stx 1 stx 2 , and all 6 PT34 strains and all 16 PT54 strains were stx 2 . Also, four of five PT39 strains were stx 1 stx 2 (Table 3) . Globally, 3 (2%) strains carried stx 1 genes, 104 (61%) strains possessed stx 2 genes, and 64 (37%) possessed both the stx 1 and the stx 2 genes. All 171 STEC O157:H7 strains possessed the eae-␥1, ehxA, O157 rfbE, and fliCh7 genes.
Association of disease with phage types and presence of asymptomatic carriers. When we studied the relationship between phage types and the clinical symptoms of the patients, we observed that PT2 (86%) and PT14 (100%) strains were associated with acute pathologies (HC, HUS, and/or acute renal failure) at a higher percentage than PT8 strains (38%) ( Table 4 ). All O157:H7 PT2 strains isolated from patients were stx 2 positive; and among the PT14 strains, three strains were stx 1 stx 2 (including a strain from a patient and an asymptomatic carrier who was a relative of the patient) and four strains carried stx 2 .
The presence of asymptomatic carriers among the relatives of patients was analyzed when it was possible, and we detected them in five cases ( Table 5 ). As expected, strains isolated from a patient and an asymptomatic carrier related to the patient showed the same phage type (PT2, two cases in 1997 and one case in 1998; PT8, one case in 1999; PT14, one case in 1995).
Analysis of PFGE patterns. Among the 171 STEC O157:H7 strains characterized by phage typing and PCR, a representative group of 108 of those 171 strains were subjected to fingerprinting by PFGE with the XbaI restriction enzyme to digest b All patient strains not including those isolated from patients whose clinical history was not available. the genomic DNA. A total of 53 macrorestriction patterns were detected among the 108 strains (35 types with a total of 53 subtypes). However, 53% of the strains produced 1 of these 11 types (PFGE types 1, 2A, 4A, 5, 8, 14A, 14B, 17, 18, 19A, and 23A) and 39% of the strains belonged to only 6 types (PFGE types 1, 4A, 8, 18, 19A, and 23A) ( Table 6 ).
The most common phage type-PFGE patterns were PT2-PFGE type 1 (1 human and 11 bovine strains), PT8-PFGE type 8 (2 human, 6 bovine, and 1 beef product strains), and PT2-PFGE subtype 4A (1 human, 3 bovine, and 1 beef product strains) (Table 6 ). Nine (29%) of 31 human strains showed phage type-PFGE pattern combinations detected among bovine strains included in this study, and 26 (38%) of 68 bovine strains produced phage type-PFGE pattern combinations observed among human strains included in this study. The majority of human and bovine strains with the same phage type-PFGE pattern combinations belonged to PT2 and PT8.
It was found that strains with the same phage type showed many different profiles. We also observed the other phenomenon, as strains belonging to different phage types presented the same profile. PT21/28 strains showed the most homogeneous profiles, as six (75%) of the eight strains that belonged to that phage type had the same subtype or a closely related subtype (subtypes 23A, 23B, 23AB, and 23C). Also, phage types PT2 and PT8 presented an important prevalence among certain PFGE types. Only one PT2 strain had a PFGE type common with PT8 strains (type 8) (Table 6) .
Forty-one strains were epidemiologically related: 10 human strains (pairs of strains from a patient and from a relative living in the same house who was an asymptomatic carrier) from 5 nonrelated patients living in an area (Lugo) served by the same hospital (Table 5 ) and 31 cattle strains in seven groups (farms) from the same geographic area (Navarra) and collected during the same period in 1998 from all but one farm (farm 515) ( Table 7) .
In a comparison of the strains from patients for whom an asymptomatic carrier was detected ( Fig. 1; Table 5 ), each of the strains from two of the pairs of cases (cases C11 and C6) involving patients and their asymptomatic carriers showed different PFGE patterns, even though they showed the same phage type, as expected. Curiously, the strains from both asymptomatic carriers showed the same PFGE subtype, subtype 2A. In case C15 the same PFGE type was detected in both the patient and the asymptomatic carrier, and in case C1, PFGE analysis could be performed with only the strain from the patient, which was PFGE type 17, because the DNA of the strain from the asymptomatic carrier was degraded.
In a comparison of the 31 strains from seven farms in Navarra (Table 7) , 10 phage types (phage types PT2, PT4, PT21/ 28, PT23, PT26, PT27, PT34, PT45, PT51, and PT54) and 11 PFGE types with a total of 18 subtypes (subtypes 1, 2C, 3, 4A,  4C, 7, 10, 23A, 23B, 23AB, 23C, 25, 26A, 26B, 26C, 30A , 30B, and 33) were detected among the 31 strains. However, on farm 506 (n ϭ 4) the main phage type-PFGE subtype combination was PT34-PFGE type 26 (3 strains), on farm 511 (n ϭ 10) the main combination detected was PT2-PFGE type 1 (6 strains), and on farm 513 (n ϭ 12) PFGE pattern 23 was detected in a total of 7 strains (PT21/28, 5 strains; PT26, 1 strain; PT45, 1 strain).
DISCUSSION
In Spain, as in many other countries, STEC O157:H7 strains have been isolated from cattle (12, 13, 16, 18) , sheep (17, 57) , and food (14, 48); and they represent a significant cause of sporadic cases of human infection (15, 55) . STEC O157:H7 isolates have caused seven outbreaks in Spain, three of which were associated with PT2 and one of which was associated with PT8 (49, 54); http://www.lugo.usc.es/ecoli /SEROTIPOSOUTBREAKS.htm.
Unlike other E. coli isolates, STEC O157:H7 strains are negative for sorbitol fermentation within 24 h of incubation and do not exhibit ␤-D-glucuronidase activity. This enables their efficient differential selection from clinical samples and food products on sorbitol-containing MacConkey agar (14, 15, 21, 40) . However, phenotypic variants of NM STEC O157:HϪ that are sorbitol fermentation positive and ␤-D-glucuronidase positive (mainly strains of PT23 and PT88) have been isolated in Germany, the Czech Republic, and Finland (38, 58) ; and motile sorbitol fermentation-negative and ␤-D-glucuronidasepositive atypical STEC O157:H7 strains have been isolated in the United States (32) and Japan (50) . In the present study, none of the 171 STEC O157:H7 strains studied fermented sorbitol after 24 h of incubation, and all were ␤-D-glucuronidase negative.
All 171 STEC O157:H7 strains expressed the O157 antigen and 147 (86%) expressed the H7 antigen in the serotyping studies. A total of 24 (14%) were NM. However, we identified all strains included in the present study as O157:H7 because all 171 STEC strains possessed the O157 rfbE and fliCh7 genes. As in previous studies (10), we have found that the majority of NM strains (15 of 24) belonged to PT8.
Fifteen variants of the eae gene were identified by intimin type-specific PCR assays with oligonucleotide primers complementary to the 3Ј ends of the specific intimin genes that encode intimin types ␣1, ␣2, ␤1, ␤2, ␥1, ␥2/, ␦/, ε, , , , , , , and (18, 68) . Like other investigators (10, 11, 52), we detected intimin type ␥1 in all STEC O157:H7 eae-positive strains of human and animal origin.
The phage typing procedure represents the only internation- ally standardized subtyping method with universally accepted interpretive criteria for STEC O157:H7 (3). In recent years, DNA macrorestriction analysis by PFGE has increasingly been used for the molecular subtyping of a wide range of bacterial pathogens, and it is now considered the "gold standard" for the molecular subtyping of many pathogenic organisms (4, 5, 19, 24, 28, 56) . For STEC O157:H7, the usefulness of PFGE fingerprinting during outbreak investigations has been demon- (2) 1999 (2B) PT32 (1) 1999 (1B) 19A 6 (1H, 3B, 2O) PT14 (2) 1997 (2O) PT54 (1) 1999 (1B) RDNC (3) 1997 ( (1) 1998 (1B) PT45 (1) 1998 (1B) (61) . As the official Spanish STEC reference center (COLINETWORK-O157 and COLIRED-O157; http://www.lugo.usc.es/ecoli/COLIREDin.html), our group is trying to standardize the PFGE method to create a Spanish national electronic database of PFGE types. This is the first study in Spain of a large collection of STEC O157:H7 strains by the use of PFGE and phage typing as epidemiological tools. The information on the distributions of phage type-PFGE combinations in humans infections, animal reservoirs, and foods in Spain obtained may help to detect reservoirs, trace routes of transmission, and establish the temporal and geographical variations of newly emerging clones or subclones with outstanding virulence, as well as their potential spread in Europe.
At least 88 phage types have been reported for STEC O157:H7 (3), but only 5 of these (phage types PT2, PT8, PT14, PT21/28, and PT54) accounted for 68% of the strains included in this study. PT2 and PT8 were predominant among human and bovine STEC O157:H7 strains in Spain as well as in many other European countries, including Belgium, Finland, Germany, Italy, England, and Scotland (20, 22, 23, 30, 33, 34, 46, 58 . According to their phage types, stx genotypes, and phenotypes, the STEC O157:H7 strains isolated in Spain were very similar to those isolated in other parts of Europe.
In Spain and other countries, the most common phage types among bovine and ovine strains are also common among human strains, supporting the idea that ruminants are a principal reservoir (44) . When we grouped the STEC O157 strains by origin (human, bovine, ovine, and beef product sources), some of the phage type-PFGE pattern combinations contained isolates of more than one origin; e.g., 29% of human STEC O157:H7 strains showed phage type-PFGE pattern combinations detected among bovine strains included in this study, and 38% of bovine STEC O157:H7 strains belonged to phage type-PFGE pattern combinations observed among the human strains included in this study, even though none of the samples were known to be epidemiologically related. This finding was also observed by Avery et al. (7), who detected the same PFGE pattern in three cases of human disease and two healthy animals on a farm, although they did not use phage typing as a complementary epidemiological tool in their study. In our study, the majority of human and bovine strains with the same phage type-PFGE pattern combinations belonged to PT2 and PT8. In an interesting study performed by Lahti et al. (44) in Finland, five human infections not associated with each other could be traced to five different dairy farms. The phage types (three cases of infection were caused by PT2 strains) and PFGE patterns of the Finnish human and bovine isolates from the corresponding farms were indistinguishable. In any case, as van Duynhoven et al. pointed out in their study (66) miological links with at least 95% fragments in common, were detected-we must be aware that except for clusters, PFGE results also identify endemic strains, which are presumed to be clonally related but which have a temporally distant common origin. Like Heuvelink et al. (35), when we examined the strains from seven farms, we also detected the simultaneous presence of more than one strain type among the epidemiologically related cattle strains on three farms (farms 506, 511, and 513) ( Table 7 ), suggesting that there was more than one source of STEC O157 on the farms. Nevertheless, we also detected the predominance of a particular type on the three farms (PT34-stx 2 -PFGE type 26 on farm 506, PT2 stx 2 -PFGE type 1 on farm 511, and PT21/28-stx 1 stx 2 -PFGE type 23 on farm 513), suggesting horizontal transmission within the farm. Spanish PT2 and PT8 strains formed two groups which differed from each other in their motility (H7 expression for PT2 strains versus NM status for PT8 strains), stx genotypes (stx 2 for PT2 strains versus stx 1 stx 2 for PT8 strains), PFGE patterns (mainly PFGE types 1 and 4A for PT2 strains versus mainly PFGE types 8 and 14 for PT8 strains), and the severity of the illness that they caused (only PT2 strains were associated with acute pathologies). Beutin et al. (10) found similar results in Germany. Both STEC O157:H7 PT2 strains and STEC O157:H7 PT8 strains accounted for 102 (61%) of 168 strains from patients living in different parts of Germany. Most of the 54 German PT8 strains were similar in their stx genotypes (87% carried the stx 1 and the stx 2c genes) and motility (89% were NM). On the other hand, about 90% of the 48 German PT2 strains carried the stx 2 gene and 98% expressed the H7 antigen. Beutin et al. (10) observed that PT2 and PT8 strains represent two distinct prevalent subclones of STEC O157:H7 which form two separate clusters by PFGE typing.
Interestingly, we have found a significant association between STEC O157:H7 PT2 stx 2 strains and STEC O157:H7 PT14 strains (stx 1 stx 2 or stx 2 ) and the presence of acute pathologies. STEC O157:H7 PT2 stx 2 -positive and stx 2c -positive strains were significantly more frequently associated with HUS and bloody diarrhea in Finland (26) . A close association was found between the presence of the stx 2 (stx 2 -positive and stx 2c -negative) variant gene and severe disease in infected humans in Germany (10), Holland (33) , and Japan (51) . Most HUS patients from those German and Dutch studies were infected with STEC O157:H7 PT2 or PT4 strains. In contrast, acute pathologies were not associated with PT8 strains in the present study or in previous studies. Forty-seven of 54 German PT8 strains were positive for the stx 1 and the stx 2c genes but negative for the stx 2 gene. This was also the case for most PT8 strains from other countries. Recent data indicate that stx 2c strains produce smaller amounts of toxin than stx 2 strains. In contrast, no association could be made between the presence of the stx 1 gene and severe disease in humans (10, 51; this study).
As in previous studies (45, 46, 47, 56, 58) , our results provide clear evidence for the superior capability of PFGE analysis compared with that of phage typing for the discrimination of unrelated strains. The results of our study also confirm those of earlier investigations about the macrorestriction patterns of epidemiologically unrelated STEC O157:H7 strains with a high degree of similarity due to the relatively limited genetic diversity within this serotype (46) . However, phage typing combined with PFGE was shown to be a highly discriminatory technique, and the high number (n ϭ 66) of phage type-PFGE subtype combinations obtained was not surprising, as most strains were unrelated and from different sources.
Some of the PFGE types of unrelated strains could be subdivided by phage typing (for example, PFGE type 18 included PT8, PT14, and PT32). Similar results were reported by Izumiya et al. (36) in Japan, Preston et al. (56) in Canada, and Liesegang et al. (46) in Germany. Thus, Preston et al. (56) could subdivide unrelated strains with the same XbaI PFGE pattern into phage types PT1, PT8, PT14, and PT32; and the use of an additional restriction enzyme for PFGE indicated that there were genomic differences among some of those strains. These results suggest the presence of distinct genotypes among STEC O157:H7 isolates beyond that revealed by PFGE analysis with XbaI, and they provide evidence for the view that more than one restriction enzyme should be used for analysis of isolates of this serotype.
Comparing patient strains from those from asymptomatic carriers living in the same household (Table 5) , we found different PFGE patterns in two cases (C11 and C6) among patients and their corresponding strains from asymptomatic carriers, although the strains showed high degrees of similarity. This was an unexpected result, and it may have been due to the fact that the patient and asymptomatic carrier strains were collected at different times, as the strains from the asymptomatic carriers were isolated 3 or 4 weeks after detection of the strains in the patients, although it could also have been due to the existence of two variants of the same strain, which could explain their different virulences. However, this is the first time that we have detected such PFGE changes. In two recently detected familiar outbreaks due to STEC O157:H7 PT8 stx 1 stx 2 eae-␥1 and STEC O26:H11 stx 1 eae-␤1, which occurred in Lugo in 2003, all patient strains and the corresponding asymptomatic carrier strains isolated showed indistinguishable PFGE patterns, supporting the utility of the PFGE fingerprinting method for the tracing of outbreaks (J. Blanco et al., unpublished data).
We agree with Liesegang et al. (46) that it is necessary to emphasize that PFGE alone appears to give rise to insufficient surveillance data. We also conclude that phage typing and PFGE fingerprinting represent complementary procedures for the subtyping of STEC O157:H7 strains, and the use of these procedures combined provides optimal discrimination. The broad range of PFGE subtypes found in this study demonstrates the natural occurrence of many genetic variants among the STEC O157:H7 strains spread throughout Spain. However, STEC O157:H7 PT2 and PT8 strains seem to form two distinct subclones which are dominant in Spain and other European countries.
